A lipase producing strain B1213 isolated from soil was identified as Burkholderia pyrrocinia based on 16S rRNA gene and recA sequeence analysis, making this the first report on the presence of a lipase from B. pyrrocinia. Under an aqueous twophase purification strategy, which included (ATPE)-ion-exchange chromatography (IEC)-gel and filtration chromatography (GFC), the specific activity of the 35-kDa lipase was determined to be 875.7 U/mg protein. The optimum pH and temperature of this lipase was pH 8.0 and 50 °C, respectively. The lipase retained > 85% activity in isopropanol and acetone at 30 °C for 10 min but the activity was reduced to 10.6% in n-hexane. Mg 2+ , Al 3+ , Mn 2+ , and Fe 3+ enhanced lipase activity at both 1 mM and 5 mM concentrations. p-NPP, a long-chain acyl group 4-NP ester, appeared to be a good substrate candidate.
Introduction
Lipases are triacylglycerol ester hydrolases (EC 3.1.1.3) that have been widely used in biocatalysis due to their strong ability to catalyze the hydrolysis of triacylglycerides in aqueous solutions and in synthetic reactions (Feng et al. 2013; Gupta et al. 2004; Masomian et al. 2013) , including hydrolysis, synthesis, inter-esterification, alcoholysis, acidolysis, esterification, aminolysis, acylation, and the resolution of racemates (Gupta et al. 2004; Gutarra et al. 2009; Salihu and Alam 2015; Yang et al. 2010) . Lipases from various sources perform differently in terms of pH stability, organic solvent tolerance, and cold activity, and thus play very important roles in transforming various organic materials and biomass into useful products under conditions that are considered unsuitable to other biomolecules (de Abreu et al. 2014; Joseph et al. 2011; Maiangwa et al. 2015) . Therefore, lipases have been widely used in many industrial applications, especially in organic synthetic compounds, detergents, food, feeds, paper industries, biodiesel production perfumes, cosmetics, leathers, enantiopure pharmaceuticals, and medical diagnostics (Aguieiras et al. 2015; Hasan et al. 2006; Masomian et al. 2013) .
Lipases are ubiquitous in nature and can be found in most animals and plants, and most of them thrive in microorganisms (Gupta et al. 2004 (Gupta et al. , 2015 Nagarajan 2012) . The action of microbial lipases widely depends on temperature, pH, and substrate specificity, which can result in short reaction times, parameters that are important in industrial applications, such as food processing industries, synthesis of fine chemicals, biodiesel, etc. In the entire microbial lipase family, most enzymes in the biotechnological applications and organic chemistry fields are from natural bacterial and fungal, as well as their recombinant strains (Gupta et al. 2004; Hasan et al. 2006; Nagarajan 2012; Thakur 2012) . The extracellular bacterial lipases are the main commercial lipases due to their easier bulk production. The major microbial producers for extracellular lipases are Mucor miehei, Rhizopus oryzae, Candida antarctica, and Pseudomonas cepacia, etc Gupta et al. 2015; Hasan et al. 2006; Joseph et al. 2008; Saxena et al. 2003) . However, only a few bacterial are confirmed as sources for commercialization, such as Achromobacter, Alcaligenes, Arthrobacter, Bacillus, Burkholderia, Chromobacterium, and Pseudomonas. Of these, the lipases from Pseudomonas bacteria are preferable for use in a variety of biotechnological applications (Jaeger et al. 1994; Kapoor and Gupta 2012; Pandey et al. 1999 ).
Microbial lipases always present different structural and catalytic characteristics with respect to different sources. Many studies have determined the three-dimensional structures of many lipases by using X-ray crystallography, indicating that all the microbial lipases share a similar structure, such as α/β-hydrolase fold, which is composed of a core of predominantly parallel β strands surrounded by α helices. However, different microbial lipases show differences in structures. For instance, lipase B from Candida antarctica does not have a conserved pentapeptide sequence Gly-X-Ser-X-Gly around the active site, which is present in most of the other lipases (Gotor-Fernández et al. 2006; Gupta et al. 2015; Joseph et al. 2008; Uppenberg et al. 1994) . The "lid" structure of lipase from Geobacillus thermocatenulatus has a complex structure in terms of a large percentage of the amino acids of the enzyme (Carrasco-Lopez et al. 2009; Kapoor et al. 2012) . As concluded by Pleiss et al. (1998) , lipases contain three subgroups on the basis of the geometry of the binding site: (i) lipases with a hydrophobic, crevice-like binding site located near the protein surface (lipases from Rhizomucor and Rhizopus); (ii) lipases with a funnel-like binding site (lipases from C. antarctica, Pseudomonas, and mammalian pancreas); and (iii) lipases with a tunnel-like binding site (lipase from Candida rugosa). Lipases isolated from different sources have a wide range of properties with respect to positional specificity (regiospecificity), fatty acid specificity, acyl migration, substrate specificity, stereospecificity, thermostability, pH optimum, etc. One could probably find a lipase from nature that would be suitable for the desired application. Applications of industrial enzymes allow the technologist to discover lipases that more closely approach the gentle, efficient processes in nature (Hasan et al. 2006; Verma et al. 2012) .
The Burkholderia cepacia complex (Bcc) is a group that contains at least 17 closely related gram-negative bacteria species or genomovars with different biological properties. These bacteria are widely but heterogeneously distributed in the natural environment, such as soil, water, rhizospheres, plants, fungi, and animals, as well as hospital environments and infected humans (Vandamme and Dawyndt 2011; Vial et al. 2011 ). The Bcc is one of the most important lipase-producing bacterial genera, and lipases were identified in Bcc isolates as early as 1984 (McKevitt and Woods 1984) . The lipase obtained from B. cepacia was the most studied due to its high tolerance towards organic solvents and aliphatic alcohol, superior thermal stability, and wide substrate specificity (Boran and Ugur 2016; Mathiazakan et al. 2016) , B. cepacia lipases are widely applied enzymes in biotechnology, which especially show very high transesterification activity in organic solvents (Ungcharoenwiwat and H-Kittikun 2015) .
Hundreds of studies can be found for Bcc-lipase production and characteristics; however, few of them consider the lipases produced by B. pyrrocinia. Therefore, investigation of lipase production from B. pyrrocinia will become profound and necessary research to expand the microbial resources for lipases producing. In the present study, a lipase producing strain B1213 screened from the soil was identified as B. pyrrocinia. As far as we know, this is the first to report lipase productivity of B. pyrrocinia. We hope some basic and interesting findings in this work would provide clues and ideas for the development of B. pyrrocinia lipases, such as genetic modification for catalytic properties promotion and deep application.
Materials and methods

Materials
A total of more than 200 soil samples were collected from fertile soils in Beijing, Shandong, Henan, Dalian, Sichuan, Hunan, Inner Mongolia, and some regions near the vegetable oil factory in China. A preliminary screening medium (natural pH) was used, and the composition (per liter) is listed as follows: agar, 18.0 g; emulsified olive oil (4% PVA: olive oil = 3:1, w/w), 120.0 mL; NaCl, 3.0 g; MgSO 4 ·7H 2 O, 0.4 g; K 2 HPO 4 , 0.5 g; (NH 4 ) 2 SO 4 , 0.5 g; rhodamine B (10 mg/mL), 1.0 mL. Submerged culture medium (per liter, natural pH) was prepared by saccharose, 5.0 g; soy peptone, 20.0 g; K 2 HPO 4 , 1.0 g; (NH 4 ) 2 SO 4 , 1.0 g; MgSO 4 , 0.8 g; and olive oil 10.0 mL. Both media were sterilized at 115 °C for 30 min. Sephacryl S200 and Q-Sepharose™ Fast Flow (Q Sepharose FF) were purchased from General Electric Company (GE Health). Polyethylene glycol (PEG) 2000 was purchased from Sinopharm. p-nitrophenyl acetate (p-NPA), p-nitrophenyl benzoate (p-NPB), p-nitrophenyl caprylate (p-NPC), and p-nitrophenyl palmitate (p-NPP) were purchased from Shanghai yuanye biological technology co., LTD. All other the reagents were of at least analytical grade and were purchased from Beijing Aobox Biotechnology LLC (Beijing, China).
Screening, isolation and identification of lipase producing strains
In the preliminary screening process, soil suspensions were prepared by mixing 0.2 g soil samples into 1.0 mL of sterile water with vortex oscillation. Then, the suspensions with a concentration gradient of 10 −5 -10 −3 were set and then inoculated onto the plate with preliminary screening medium using the spread-plate method. Each plate was cultured at 30 °C for 2-5 days.
In the rescreening process, colonies with rhodamine B color reaction were further screened and cultured using preliminary screening medium via the streak-plate method. Then the purified isolated strains were selected for further morphological and physiological characterization based on the analysis from the BLOLOG GEN III (Biolog, Inc., Hayward, CA, USA) and API 20E (BioMerieux, Shanghai, China) identification system. The molecular biological identification of isolated strains according to the 16S rDNA and recA sequence homology was reported by Beijing Haocheng Mingtai Technology CO., LTD. (Beijing, China), in which 27F 5′-AGA GTT TGA TCC TGG CTC AG-3′ and 1492R 5′-ACG GTT ACC TTG TTA CGA CTT -3′ were the 16S rDNA forward and reverse primers, respectively, and 5′-CTC TTC TTC GTC CAT CGC CTC-3′ and 5′-TGA CCG CCG AGA AGA GCA A-3′ were the BCR1 forward primer and BCR2 reverse primer for recA amplification, respectively.
Lipase activity assay
The activities of the lipase samples towards p-NPP were determined. The reaction mixtures contained 100 µL p-NPP (16.5 mM), 2.8 mL Tris-HCl buffer (0.2 M, 0.4% Triton X-100 and 0.1% Arabic gum, pH 8.0). After heating in the water bath for 5 min at 37 °C, 100 µL fermentation liquor was added, and heating was continued at the same temperature for another 10 min. The absorption value was obtained thereafter using a UV -spectrophotometer (TU-1900, Beijing Persee General Instrument Co. Ltd, Beijing, China) at 410 nm. One unit of lipolytic activity was defined as the amount of enzyme needed to release 1 mg of 4-nitrophenol per min under standard assay conditions.
Growth characteristics evaluation and lipase productivity optimization
The purified isolated strains from the rescreening process were transferred into Erlenmeyer flasks at pH 7.0, together with submerged culture medium containing 5.0 g of soy peptone, and the inoculum amount of strain was 1.0%. The 4 days-incubation was carried out in an orbital shaker (HZQ-Y100, Tiacang Laboratory equipment co., LTD., Suzhou, China) at 35 °C and 180 rpm. Then, 1 mL of fermentation liquor was taken out every 6 h to test the absorption value using a UV-spectrophotometer at 600 nm (TU-1900, Beijing Persee General Instrument Co. Ltd, Beijing, China). A time-OD value curve was recorded to reflect the growth characteristics of the new isolates. Meanwhile, fermentation liquor was also extracted every 6 h, and then centrifuged at 7000×g for 10 min (Allegra X-30R, Beckman Coulter, USA) to get the supernatant. A time-enzyme activity value curve was obtained by testing the lipase activity to reflect the lipase productivity along with the growth of the new isolates.
A one-factor experiment was carried out to evaluate the effect of different fermentation factors on the lipase productivity of the selected strain. Table 1 shows the detailed information of the factors and levels.
Lipase purification
An ordinal purification strategy that in the order of aqueous two-phase extraction (ATPE)-ion-exchange chromatography (IEC)-gel filtration chromatography (GFC) was adopted to purify the crude enzyme from the fermented liquid. Aqueous two-phase systems containing PEG 2000 (5%), K 2 HPO 4 (20%) and crude enzyme liquid (60%) were prepared at 25 °C. The mixture was centrifuged at 2000×g for the separation of the top and bottom phases. Then, the top phase was dialyzed (Membrane type: MD34mm: 10,000) and freeze dried. The enzyme powder was dissolved using Tris-HCl buffer solution (0.02 mM, pH 8.0) and filtered by a filter membrane (0.45 µm). Then, the filter liquor containing crude enzyme was further purified by IEC with a column (1 cm × 10 cm) filled with Q Sepharose Fast Flow, under the working conditions of: Tris-HCl buffer solution as a balance buffer solution (50 mM, pH 6.0), Tris-HCl buffer solution (50 mM, pH 6.0) with NaCl (1 M) as the elution buffer solution; the flow rate was 1 mL/min at 25 °C. The eluted enzymes were monitored using a diode array detector at 280 nm to select the secondary purified enzyme solution for further GFC purification. A Sephacryl S200 (1.5 cm × 50 cm) GFC column was used. The column was previously equilibrated with 0.2 M sodium phosphate buffer (pH 7.5). The enzyme was eluted with same buffer at flow rate of 0.8 mL/min at 25 °C, and the eluted enzyme was monitored using diode array detector at 280 nm. Both IEC and CFG were carried out using a chromatography system (AKTA 25, GE Health).
Polyacrylamide gel-electrophoresis analysis
Sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) was carried out to measure the molecular weight of the purified lipase from GFC. The concentrations of the separating and stacking gel were 12.5% and 4.5%, respectively. The lipase sample and sample buffer were mixed in a volume ratio of 3:1 and were kept in a boiling water bath for 5 min. The supernatant was injected into the gel lane after the mixture was centrifuged for 5 min at a speed of 1000×g. Electrophoresis was performed at a constant voltage of 80 V for approximately 1-2 h. The gel was stained with a Coomassie Brilliant Blue R250 of 0.25% (w/v), 50% (v/v) methanol and 10% (v/v) acetic acid. The gel was destained using the buffer with 25% (v/v) methanol and 7% (v/v) acetic acid.
Biochemical characterization evaluation of purified B. pyrrocinia lipase pH and temperature tolerance
The optimal pH was determined by assaying the purified enzyme at different pH (6.0-11.0) using the following buffer systems: glycine-NaOH buffer (pH 9.0-11.0), Tris-HCl buffer (pH 7.0-9.0), sodium phosphate buffer (pH 6.0-7.5), acetic acid/sodium acetate buffer (4.5-5.5), and glycine-HCl buffer (pH 3.0-4.0). The pH stability of the enzyme was determined after incubation of the enzyme (1 U/mg) in the respective buffers (20 mM) of varying pH (3.0-11.0) for 12 h at 4 °C. The residual activity was measured under standard enzyme test conditions.
The optimum temperature of the purified lipase was determined by assaying at different temperatures (30-80 °C) using p-NPP as the substrates, and Tris-HCl buffer (pH 8.0) as buffer solution. The reaction mixture (in absence of lipase) was pre-heated to the desired temperature for 5 min in a water bath. Lipolysis was initiated by adding the enzyme (1 U/mg), and the activity was measured after a 10-min reaction. Thermal stability of the enzyme was estimated by incubating the enzyme at different temperatures (40-70 °C) for different times (10-60 min). The residual activity was measured under standard assay conditions.
Organic solvents and metal ions tolerance
The effect of organic solvents on lipase stability was determined by incubating the purified lipase in the presence of various organic solvents (75%, v/v). The reactions were incubated in the water bath at 30 °C for 10 min. The stability is expressed as the residual lipolytic activity relative to the enzyme control incubated without organic solvent. ) at a concentration of 1 mM and 5 mM (final concentration) prepared by Tris-HCl buffer (50 mM, pH 8.0). The reactions were incubated in the water bath at 30 °C for 10 min. The relative activity of the enzyme was calculated by comparison with enzyme incubated under similar conditions without metal salts (As blank group, relative activity = 100%).
Substrate specificity and reaction kinetic
The substrate specificity of the lipase was investigated using 4-nitrophenyl esters with different acyl chain lengths (p-NPA (C2), p-NPB (C4), p-NPC (C8), P-NPP (C16), 16.5 mM), and lipolytic activity was measured under standard assay conditions mentioned as Lipase activity assay section, by replacing P-NPP with each of the above four 4-nitrophenyl esters separately. To evaluate the reaction kinetics of the lipase, p-NPP (C16) was used as the substrate at different concentration. The Michaelis-Menten constant (Km) and the maximum specific activity (Vmax) were calculated from the Lineweaver-Burk plots using Origin 8.0 software.
Statistical analysis
All experiments were performed at least twice using freshly prepared samples. The mean and standard deviations calculated from these measurements were plotted. Origin (Origin Lab Co., Pro. 8.0) was used for processing the data and creating charts. An analysis of variance (ANOVA) was performed to examine the differences between the means using Tukey's post hoc test and using SPSS at α level of 0.05. Design-Expert was used to build a regression fitting equation and analyze the significance.
Results and discussion
Isolation and identification of lipase producing microorganism
In this study, over 200 soil samples were collected as the source of lipase-producing microorganisms, of which 42 strains were selected for re-culture in a liquid culture medium due to their capacity to grow on the plate medium with rhodamine B, which was accompanied by a color circle phenomenon (Fig. S1a) . In the experiment, parts of the selected strains have lipase activities, and strain B1213 showed the most significant lipase activity of approximately 70.73 U/mL, which was much higher than the others. Hence, this B1213 was physiologically and biochemically identified.
After observing the growth of B1213 on the solid medium and the morphology of B1213 under a microscope, it was found that the B1213 was a short rod-shaped gram-negative bacterium ( Fig. S1b) with round, light yellow and opaque colonies on solid medium (Fig. S1c) .
The 16S rDNA and recA of B1213 were sequenced and compared to other organisms in the NCBI database by BLAST analysis. The inter-comparison results suggested a close relationship between strain B1213 and the members of the Burkholderia cepacia species, with a maximum sequence homology (99%) to B. stabilis and B. pyrrocinia. According to the phylogenetic trees (Fig. S2 ) based on the sequences of the 16S rDNA and recA, as well as the physiological and biochemical analysis, strain B1213 was identified as B. pyrrocinia and has been deposited in the China General Microbiological Culture Collection Center (CGMCC, No.: 12806).
Growth and lipase producing characteristics of B1213
It is obvious that there is a high correlation between cell metabolism and enzyme production. Therefore, confirming the metabolic characteristics of B1213 is the basis for selecting the correct strain with high lipase productivity and a high metabolic rate. As shown in Fig. 1a , the dynamic growth level reflected by the cell amount in the fermentation liquor was detected using a turbidity test. In the same period, the dynamic lipase productivity was also recorded. It was found that B1213 began its logarithmic phase very quickly after culture fermentation for 2 h and lasted nearly 18 h. Nonetheless, the B1213 turned into stationary phase from the 20th to 72nd hours. Figure 1a also showed the ability of lipase production increased in all the phases, reaching a peak at the 72nd hour. Afterwards, the growth rate declined, resulting from the low metabolism level of B1213 in the aging phase. Therefore, further fermentation optimization conditions and flask shaking culture was conducted from the seed of living B1213 at the 72nd hour.
Optimized conditions for lipase production
Microbial fermentation is a complex system affected by many factors, such as the inoculum amount, nutrition and fermentation conditions. This study investigated the single influence of different factors. When considering the effect of the carbon source on lipase production (Fig. 1b-1 ), sucrose appears to be the most favorable source for lipase production of B1213, whereas glucose occurs as the most unfavorable one. As a result, sucrose was selected as the carbon source, and its impact on the different additions was investigated. As show in Fig. 1b-2 , the addition of sucrose had a significant effect on the production of lipase. When the concentration of sucrose was 1.0 g/L, the highest yield of approximately 77 U/mL (Approx.) was obtained. Hence, 1.0 g/L of sucrose was suggested as the optimal addition of carbon source.
When considering the effect of the nitrogen source on lipase production, both organic (20.0 g/L) and mixed nitrogen (20.0 + 1.0 g/L) were investigated. The results (Fig. 1c-1) showed that only the beef peptone played a similar role to the mixed peptone that was combined with beef peptone and the (NH 4 ) 2 SO 4 . But the other mixed nitrogen sources were little slightly better than the organic one in lipase production. It is clear that the mixed nitrogen source that contained 20.0 g/L tryptone and 1.0 g/L (NH 4 ) 2 SO 4 shows the best effect on lipase yield, followed by the organic 20.0 g/L tryptone nitrogen source. The ascertained results clearly demonstrate that B1213 could not thrive well when urea were used as nitrogen source. Due to the similar influence of tryptone and tryptone plus (NH 4 ) 2 SO 4 , the tryptone was selected to evaluate its influence on lipase production under different addition. Results showed that the tryptone concentration in the culture medium had a great effect on lipase production from B1213. When the concentration of tryptone was increased up to 25.0 g/L (Fig. 1c-2) , the yield of enzyme also increased directly, suggesting that the correct amount of tryptone needed for enzyme activity was 25.0 g/L.
The lipids used in this system are not just carbon source in the synthesis, but they also play the role of inducers for lipase production. Our assessment outcome from Fig. 1d-1 , d-2 indicated that there was no lipase produced by B1213 in the fermentation liquid absence of oil. Conversely, olive oil causeed high lipase production rate, followed by corn oil and soybean. An increment of olive oil concentration of 20.0 mL/L increased the activity of lipase production to , and surfactant €, on the lipase activity of B1213. SP soy peptone, BP beef peptone, T tryptone, U urea a peak of 106.5 U/mL and later began to decrease slightly, owing to the possible reason that high concentration of oil might inhibit or hinder the enzymatic activities. Surfactants can emulsify oil, making a better mixture between the oil and medium, and increase the contact area between the cell and oil. Additionally, the surfactants can also change the permeability of the cell membrane and improve the transmission speed of oxygen at the gas-liquid interface. As shown in the Fig. 1e-1, e-2 , at the level of 5.0 mL/L, the addition of Tween-60 and Triton X-100 did not improve, but inhibit the lipase yield, indicating that the strain B1213 has a certain selectivity to the surfactant. The addition of 10.0 mL/L Tween-80 helped to increase the production of lipase to a maximum peak level. However, the lipase activity decreased negatively with an upward increment of Tween-80. Conclusively, the optimal amount of Tween-80 was 10.0 mL/L.
On the other hand, fermentation conditions, including inoculation rates, temperature, and shaking speed, are other factors that can affect the fermentation cycle and the level of enzyme production. Lower inoculation will lead to lower cell viability, which is not conducive to enzyme production. Larger inoculation will bring more cultivable metabolites, leading strain to the ease of early aging. Only the appropriate inoculation amount is helpful to obtain enough cells in a short time for enzyme production. The results (Fig. 2a) showed that when the inoculum amount was 4%, the strain B1213 could produce the lipase at the highest efficiency.
The current study of fermentation was carried out at a temperature from 25 to 45 °C. The results shown in Fig. 2b indicated that the optimum temperature for B1213 to produce lipase was 30 °C, and when the temperature was higher than 40 °C, the lipase productivity was greatly inhibited. The above results also showed that the lipase from B1213 might belong to mesophilic enzyme, which is sensitive to the higher temperature. When considering the influence of shaking speed, the results in Fig. 2c indicated that the influence was not very significant, which means that the oxygen demand of B1213 is small for lipase production.
Purification of B. pyrrocinia lipase
The extracellular lipase from B. pyrrocinia B1213 was purified by a three-step purification process followed of ATPE-IEC-GFC. As the purification results summarized (see Table S1 ), the lipase from B1213 was obtained a 11.1-fold increase in specific activity, with 10.3% recovery of overall yield. The final specific activity of purified lipase reached 875.7 U/mg protein. Though the purification efficiency was high to obtain high-quality purified lipase, the research experience in this study indicated that the purification process of IEC might be a critical step to affect the total yield, which means there will be the potential to promote the yield in the IEC step. As reported by Castro-Ochoa et al.(2005; Sugimura et al. 2000) , many microbial lipases, especially lipases from Burkholderia (bas Pseudomonas) cepacian (Salameh and Wiegel 2010) perform self-aggregation in solution, which could be due to the high content of hydrophobic amino acids and surface hydrophobic characteristics of lipases. The low yield of the lipase in purification could be due to the aggregation of the protein (Lesuisse et al. 1993; Velu et al. 2012 ).
To avoid the negative impact from lipase aggregation, denaturing PAGE analysis was followed (Fig. 3) , and the 
pH and temperature tolerance of lipase
The effect of the pH on lipase activity and stability was shown in Fig. 4a . In the pH range from 6.0 to 11.0, the optimum pH of this lipase was found to be 8.0. A sharp increase in activity was observed from pH 6.0 (15.5%) to 8.0 (100%), and the relative activity decreased to 61.9% when the pH increased to 10.5. Meanwhile, after 12 h of storage at 4 °C, the lipase remained relatively stable in the pH range 6.0-9.0, indicating that this lipase from B1213 belongs to alkaline lipases, similar to most of other lipases from B. pyrrocinia. The result from Fig. 4b indicated that this lipase was found to be active in the temperature range of 30-80 °C, and the optimum temperature was 50 °C, whereas approximately 78% and 59% activity was observed at 40 and 60 °C, respectively. When considering the thermal stability of the lipase after incubating the lipase at different temperatures (40-70 °C), the results clearly indicated that the increase in the incubation temperature and time enhanced the negative impact on lipase stability. After 1 h, the enzyme retained 88% activity at 40 °C, 36% activity at 50 °C and nearly complete inactivation at 70 °C (Fig. 4c) , which demonstrated that the current lipase was not suitable for application at high temperature.
Organic solvents and metal ions tolerance of lipase
The activity of the enzymes is strongly affected by different solvent. Based on the widely accepted model for explaining the solvent effects (Laane et al. 1987) , the enzyme activity is higher in the environment surrounded by nonpolar and mid polar solvents, whereas it is the lowest in the polar solvents. The polarity of the solvent used in our experiments is in the following order: methanol > ethanol > acetone > isopropanol > n-hexane. The effects of these organic solvents on the stability of lipase B1213 are shown in Fig. 4d . Compared to the control sample, isopropanol showed the smallest influence, followed by acetone, and both retained more than 85% enzyme activity at 30 °C for 10 min. However, contrary to Laane's suggestion model, n-hexane would reduce lipase activity to 10.6%, which was the most negative organic solvent.
As shown in Fig. 4e 
Substrate specificity and reaction kinetics
Four 4-NPP substrates of varying acyl chain length were used to test the chain length specificity of lipase B1213. The results shown in Fig. 5 , the lipase B1213 showed a very narrow range of substrate chain length specificity. Longchain acyl group 4-NP esters (p-NPP) seemed to be good substrates, while nearly no reaction happened with the short-chain acyl group 4-NP esters (p-NPA). Our results also indicated that, when p-NPP was a substrate, the Michaelis constant, Km of lipase B1213 was 0.273 mmol/L, and the maximal velocity (Vmax) was 909.09 U/mg.
Conclusions
Microbial lipases from different sources always present different structural and catalytic characteristics. This study was the first report referred to lipase productivity of B. pyrrocinia, which will not only be meaningful for resource expansions of lipase-producing microorganisms but also to shed light on exploring the characteristics of lipases from B. pyrrocinia. In the present study, tryptone, olive oil and temperature had significant effects on lipase production. Under the single-factor and response surface optimization process, the final lipase yield was up to 205.1 U/mL, making this B1213 a potential high-yield strain for lipases. Thus, this B1213 will be valuable in doing further research on lipase productivity. Based on ATPE-IEC-GFC purification strategy, the specific activity of lipase reached 75.7 U/mg protein, with a molecular weight of 35 kDa. We suggest paying more attention to the IEC step to promote the yield of the purification. Our results show that this lipase from B1213 was one kind of alkaline lipase. The optimum pH and temperature of this lipase was pH 8.0 and 50 °C respectively, and nearly completely inactivated at 70 °C, which demonstrates that the lipase is not suitable for application in areas of high temperature. However, it also gave us information that this B1213 lipase can exert the best catalytic ability in a mild environment, making catalytic reactions easy to achieve.
Except the application potentiality, we suggest deep research should still be performed to explore the characteristics of lipase B1213, especially its molecular structure, catalytic properties, genetic modification.
